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[57] ABSTRACT

To control pressures in the developer housing of a xero-
graphic machine, a fan with inlet connected to the hous-
ing interior through a particulate filter is used. To re-
duce the effect of filter loading, a mixing chamber is
interposed having a fresh air inlet, the dimension of
which is substantially greater than the passage from the
developer housing so that as the pressure drop across
the filter rises as the filter traps more and more particles,
the flow of contaminated air from the developer hous-

ing remains substantially constant.

4 Claims, 4 Drawing Figures




U.S. Patent May 19, 1987 © Sheet1 of 3 4,666,282

/9




US. P
. Pat
atent - May 19, 1987 Sheet 2 of 3
. 0

FIG 2

9
<=
T
s 5D
o O
xr =
L.
= 5
- |
gg LHRESHOLD OF
: g IN. AIR FLOW
—
I N
FILTER LIFE
o o
<
=35
o3
Ve
< Ll }
% Ve
3t : LOW
g_] e
«2 |
A
I
I

FILTER LIFE



U.S. Patent May 19, 1987 Sheet3 of 3 4,666,282

64

4
E
d
’
A
4

'-.""‘#."--_’




1
CONTAMINATION CONTROL FOR
XEROGRAPHIC DEVELOPING SYSTEMS

The invention relates to xerographic type copying
and printing machines, and more particularly, to an
“improved contamination control for such machines.

In xerographic type copying and printing machines,
the electrostatic latent images, which are derived from
a document original or from electrical signals or pixels,
are formed on the machine recording member. Thereaf-
ter the images are developed and transferred to a suit-
able copy substrate material. Following transfer, the
images are fixed or fused to provide a permanent copy.
In machines of this type, a dry power, commonly re-
ferred to as toner, is used to develop the images. Be-
cause toner is a powder, the interior of the machine
developer housing normally becomes contaminated
with particles of toner dust and dirt. To prevent the
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escape of this particulate material into adjoining areas of 20

the machine or even to points outside the machine, the
developer housing is normally sealed insofar as possible
against leakage. However, operation and use of the

machine normally creates a pressure rise within the

developer housing which if not relieved, forces the
particles past the seals and out of the confines of the
developer housing into other areas.

The prior art has dealt with this problem by regulat-
ing pressures within the developer housing itself with
the aim of preventing interior pressures from rising to a
point where contaminated air from the developer hous-
ing interior is driven past the seals. Regulation of this
type is typically effected by bleeding air from the hous-
ing. To prevent the air which is usually contaminated
with particles of dirt and dust from carrying the parti-
cles with it to the outside, a filter is provided to filter the
air prior to discharge so that only clean air is dis-
charged. However, the interval before the filter be-
comes obstructed or partially obstructed is often very
~short, and when this happens, the flow of air from the
developer housing drops with attendant rise in pressure
within the developer housing.

In one prior art arrangement shown in U.S. Pat. No.
3,932,910 to Shimoda, material removed from a photo-
receptor by a cleaning brush is passed through a filter
bag under the influence of a fan. A gap is provided at
the point where the filter is attached to assure that air is
drawn into and not exhausted through the filter connec-
tion. In European Patent Document No. 100-246, a
suction tube similar to those provided with household

vacuum cleaners is used to remove powder from a mag-

netic drum, the suction tube being coupled to a source
of vacuum for this purpose.

In contrast, the present invention provides, in a de-
veloper system for a xerographic machine, a housing
with a sump for developer; at least one magnetic brush
in the housing having a rotatable sleeve for bringing
developer from the sump into developing relation with
a recording member; fan means for drawing air from the
developer housing to control internal pressures within
the housing; a filter for trapping and removing particu-
late material carried with the air; a mixing chamber
upstream of the filter; first air passage means communi-
cating the developer housing with the mixing chamber;
and second air passage means communicating the mix-
ing chamber with a supply of fresh air, the second air
passage means being substantially larger than the first
air passage means to assure that a substantially greater
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proportion of fresh air is drawn through the filter than
air from the developer housing so that as air flow
through the filter is reduced by entrapment of particu-
late material in the filter, the amount of air from the
developer housing passing through the filter remains
substantially constant while the amount of fresh air
passing through the filter is decreased. |

IN THE DRAWINGS

FIG. 1 is a schematic view of a developer housing for
a xerographic type copying or printing machine depict-
ing a typical system for controlling developer housing
pressures by exhausting contaminated air from the
housing interior; | |

FIG. 2 is a graph depicting the relation between filter
degradation and air flow for the system shown in FIG.
1; .

FIG. 3 is a schematic view of the developer housing
of the present invention in which a contamination con-
trol is provided to maintain the amount of contaminated
air exhausted substantially constant despite degradation
of the filter; and

FIG. 4 is a graph depicting the relation between filter
degradation and air flow for the contamination control
of the present invention.

Referring to FIG. 1 of the drawings, there is shown
an exemplary developing system of a xerographic type
copying or printing machine. Briefly, and as will be
familiar to those skilled in the art, the machine xero-
graphic components include a recording member,
shown here in the form of a rotatable photoreceptor 14.
In the arrangement shown, photoreceptor 14 comprises
a drum having a photoconductive surface 16. Other
photoreceptor types such as belt, web, etc. may instead
be contemplated. Operatively disposed about the pe-
riphery of photoreceptor 14 as will be understood by
those skilled in this art are a charging station where a

uniform charge is placed on the photoconductive sur-

face 16 of photoreceptor 14, an exposure station where
the previously charged photoconductive surface .16 is
exposed to image rays creating a latent electrostatic
image on surface 16, a development station 24 where
the latent electrostatic image created on photoconduc-
tive surface 16 is developed by toner, a transfer station
where the developed image is transferred to a suitable
copy substrate material such as a copy sheet brought
forward in timed relation with the developed 1mage on
photoconductive surface 16, and a cleaning station
where the photoconductive surface 16 is cleaned pre-
paratory to charging. Following transfer, the developed
image is fused or fixed to provide a permanent copy.

The image rays may be derived from a document
original in which case a suitable viewing station with
transparent platen would typically be provided for sup-
porting the document original while the document orig-
inal is converted to image rays as for example by scan-
ning. The image rays are transmitted to the exposure -
station by a suitable optical system. Alternately, the
image may be in the form of image signals or pixels such
as obtained from a raster input scanner, communication
channel, memory, etc. The image signals for example
may be employed to modulate a scanning beam of high
intensity such as a laser that is swept across the photo-
conductive surface 16 as by a multi-faceted polygon in
synchronism with the movement of the photoreceptor
14 to expose the previously charged photoconductive
surface 16 line by line to create a latent electrostatic
image thereon.
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At developing station 24, a developer housing 30 has
a lower portion which forms a sump 32 for holding a
quantity of developer 34. As will be understood by
those skilled in the art, developer 34 comprises a mix-
ture of larger carrier particles and smaller toner or ink
particles, commonly referred as two component devel-
oper. Alternately, a unitary developer mixture com-
monly referred to as single component developer, may
be used.

A magnetic brush {ype developer roll 40 is provided

in developer housing 30, the length of developer roll

10

being equal to or slightly greater than the width of

photoconductive surface 16, with the axis of roll 40
paralleling the axis of photoreceptor 14. Developer roll
40 has a relatively stationary magnet assembly 42 dis-
posed within a rotatable cylinder or sleeve 44 of suitable
non-magnetic material. Sleeve 44 is rotatably journaled
for rotation in the opposing sides of developer housing
~ 30. Magnet assembly 42 is arranged so that as sleeve 44
rotates, developer in sump 32 is attracted to the exterior
surface of sleeve 44 to form a brush-like covering 46 on
sleeve 44. Rotation of sleeve 44 carries the developer
brush 46 into developing ralation with the photocon-
_ ductive surface 16 of photoreceptor 14 to develop the
~ latent electrostatic image thereon. While a single devel-
oper roll 40 is shown, multiple developer rolls may be
contemplated.
As will be understood, toner is a dry powder-like
substance, and hence the interior of developer housing
30 tends to become dirty and dusty during use of the

- machine. This is exacerbated by any moving parts in the

developer housing such as sleeve 44 of developer roll
40, shafts, mixing augers, etc. To prevent particulate
material such as toner dust, dirt, and the like from es-
caping from developer housing 30 and contaminating
other areas of the machine such as the photoreceptor
area, or from escaping to the machine exterior, the
developer housing is normally sealed. However, an air
tight seal is difficult to achieve and maintain, particu-
‘larly at the points where moving members such as shafts
enter the developer housing or at the juncture between
the moving photoreceptor 14 and the stationary devel-
oper housing. And sealing the developer housing tends
to allow pressures resulting from operation of the ma-

chine to build up within the housing interior which in
~turn tends to force contaminated air through the seals
and into adjoining areas of the machine.

To control pressure conditions within a developer
housing and prevent excess pressures from being devel-
-oped therewithin, a developer housing air exhaust sys-
tem is typically provided. In FIG. 1, an exhaust fan 50
is used for this purpose, the inlet to fan 50 communicat-
ing with the interior of developer housing 30 as by a
suitable passage or passages, represented here by ex-
haust duct 52. Fan 50 discharges to a suitable discharge
area, as for example, the exterior of the machine. To
prevent particulate material such as toner dust, dirt, etc.
from being exhausted with the air, a suitable filter 54 1s
provided upstream of fan 50 to trap particulates so that
only clean air is exhausted.

- However, in use, as more and more particulate mate-
rial becomes trapped in filter 54 and filter 54 begins to
be obstructed, the pressure drop across filter 54 in-
creases. This reduces in air flow through filter 54, al-
lowing pressure within developer housing 30 to rise and
increasing the tendency of the contaminated air in de-
veloper housing 30 to escape. |
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As shown in FIG. 2, the amount of particulate mate-
rial trapped by filter 54 bears a direct relation to the
pressure drop across filter 54. That is, the greater the
amount of particulates trapped by filter 54, the greater
the pressure drop. The increased pressure drop in turn
reduces the amount of air flow from developer housing
30. To compensate for this, developer housing exhaust
systems of the type described are typically designed for
higher air flows than are actually needed. Unfortu-
nately, this usually causes filter 54 to fill up faster due to
the increased flow of air passing through the filter.

Referring now to FIG. 3 of the drawings, where like
numerals refer to like parts, the present invention pro-
vides a mixing chamber 60 having a relatively large
fresh air inlet 64 in one side thereof. Inlet 64 communi-
cates with a suitable source of fresh or clean air such as
the machine exterior. Air outlet 67 at the opposite side
of mixing chamber 60 communicates with the inlet of
filter 54 by suitable means such as duct 62. Exhaust duct
52 communicates the interior of developer housing 30
with a contaminated air inlet 68 in mixing chamber 60,
contaminated air inlet 68 being located at a suitable
point between the fresh air inlet 64 and the air outlet 67.

The dimension of fresh air inlet 64 is substantially
greater than the dimension of contaminated air inlet 68.
In one system, a ratio of 15 to 1 was found to be suitable.
However, other suitable ratios may be envisioned, par-
ticularly in the understanding that the ratio selected 1s
dependent upon the design and operating parameters of
the particular machine to which the teachings of the
invention are applied. As a result, the amount of fresh
air drawn into mixing chamber 60 and exhausted

 through filter 54 is normally greater than the amount of
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contaminated air drawn from the interior of developer
housing 30. _-

Referring to FIGS. 3 and 4, during operation of the
machine, the natural pumping action of sleeve 4 of
developer roll 40 is relied on to pump contaminated air
from developer housing 30 through exhaust duct 52 to
mixing chamber 60. There, the contaminated air mixes
with the stream of fresh air drawn through fresh air
inlet 64 and the mixture passes through filter 54 to fan
50 and is discharged through fan 50. Since the impe-
dance of filter 54 to the clean air is significantly less than
that of the contaminated air and since the quantity of
fresh air is substantially greater than the quantity of
contaminated air, any reduction in air flow resulting
from the degradation or obstruction of filter 54 wli be
compensated primarily by a reduction in flow of clean
air. As a result, the flow of contaminated air from the
developer housing is substantially independent of the
loading or condition of flter 54 as demonstrated 1n Fig-
ure 4. This permits air fow from the developer housing
to be kept to a minimum which in turn increases the life
of filter 4. - |

While the invention has been described with refer-
ence to the structure disclosed, it is not confined to the
details set forth, but is intended to cover such modifica-
tions or changes as may come within the scope of the
following claims.

I claim:

1. In a developer system for a xerographic machine
having a housing with a sump for developer, and at least
one magnetic brush in the housing for bringing devel-
oper from the sump into developing relation with a
recording member, said magnetic brush including a
rotatable sleeve in operative juxtaposition with said
recording member, the combination of:
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(2) fan means for exhausting air from said developer
housing;

(b) a filter for trapping and removing particulate
material from said air prior to discharging of said
air by said fan means;

(c) mixing chamber for said air upstream of said filter;

(d) first passage means communicating said developer
housing with said mixing chamber; and

(e) second passage means communicating said mixing
chamber with a source of fresh air;

(f) said second passage means being substantially
larger than said first passage means so that a sub-
stantially greater proportion of fresh air is drawn
through said filter than air from said developer
housing whereby as the flow of air through said
filter is reduced by particulate material trapped by
said filter, the amount of air drawn from said devel-
oper housing remains substantially constant while
the amount of fresh air decreases. |

2. The developer system according to claim 1 1n

which the quantity of fresh air is approximately fifteen
times the quantity of air drawn from said developer
housing. |

3. Means for maintaining the flow of contaminated air

from the developer housing of a xerographic system
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despite Increases in the pressure drop across a particu-
late filter through which the contaminated air passes
prior to discharge, comprising in combination:

(2) a mixing chamber upstream of said filter;

(b) means coupling a first inlet of said chamber with
a source of fresh air; |

(c) means coupling a second inlet of said mixing
chamber with said developer housing;

(d) means coupling a discharge outlet of said mixing
chamber with said filter;

(e) said first inlet being substantially larger than said
second inlet to provide a larger amount of fresh air
to said mixing chamber than contaminated air from
said developer housing so that, as the pressure drop
across said filter increases as particles are trapped
by said filter, reduction in the amounts of fresh and
contaminated air through said filter is in proportion
to the ratio of said inlet to said second inlet
whereby reduction in the amount of contaminated
air withdrawn from said developer housing is mini-
mized. |

4. The means according to claim 3 including fan

means for drawing fresh and contaminated air through
said mixing chamber and said filter for discharge.

* X *%x X X
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